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ABSTRACT 

We analyse high-time-resolution spectroscopy of the AM CVn stars HP Librae and 
V803 Centauri, taken with the New Technology Telescope (NTT) and the Very Large 
Telescope (VLT) of the European Southern Observatory, Chile. 

We present evidence that the literature value for V803 Cen's orbital period is 
incorrect, based on an observed 'S-wave' in the binary's spectrogram. We measure a 
spectroscopic period ^vsoacon = 1596.4 ± 1.2 s of the S-wave feature, which is signif- 
icantly shorter than the 1611-second periods found in previous photometric studies. 
We conclude that the latter period likely represents a 'superhump'. If one assumes 
that our S-wave period is the orbital period, V803 Cen's mass ratio can be expected 
to be much less extreme than previously thought, at g ^ 0.07 rather than q ^ 0.016. 
This relaxes the constraints on the masses of the components considerably: the donor 
star does then not need to be fully degenerate, and the mass of the accreting white 
dwarf no longer has to be very close to the Chandrasekhar limit. 

For HP Lib, we similarly measure a spectroscopic period PnPLib = 1102.8 ± 
0.2 s. This supports the identification of HP Lib's photometric periods found in the 
literature, and the constraints upon the masses derived from them. 

Key words: stars: individual: V803 Cen - stars: individual: HP Lib - binaries: close 
- novae, cataclysmic variables - accretion, accretion discs 



1 INTRODUCTION 

V803 Centauri and HP Librae are both members of the class 
of AM CVn stars: ultra-compact binaries with orbital peri- 
ods below about one hour, in which a white dwarf accretes 
helium-rich matter from a degenerate or semi-degenerate 
companion. They are of interest for binary evolution the- 
ory, being a distinct class of evolutionary end-products 
that have probably undergone a common-envelope phase 
twice. Their ultra-short orbital periods make them impor- 
tant sources for gravitational-wave astronomy; they are the 
strongest (and so far only) known sources for future de- 
tectors such as the Laser Interferometer Space Antenna 
(LISA) (e.g. iNelemans. Yun gclson & Portogics Zwart 2004; 
iRoelofs et al.ll2006bl ). 

However, determining their orbital periods is made diffi- 
cult by the superhump phenomenon, by which the observed 
photometric periods do not match with their orbital periods, 
which is thought to be due to tidal i nteractions betwee n the 
accretion disc and the donor star (|Whitehurstlll988l ). Be- 
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cause of this complication, several of the short-period AM 
CVn stars do not have a secure orbital period measurement. 
AM CVn itself, which has a number of photometric periods 
dominated by one at 1051 seconds, has been shown from 
spect roscopy to have an underlying 102 9-second orbital pe- 
riod (|Nelemans. Steeghs fc Grootll200ll ) . This is based on an 
observed 'S-wave' feature that is commonly thought to be 
associated with the region of impact of the accretion stream 
into the accretion disc in interacting binaries. Similar be- 
haviour may be expected for HP Lib, a system virtually 
identical to AM CVn in appearance, and for V803 Cen, 
which appears similar to AM CVn and HP Lib most of the 
time but shows occasional drops in brightness of up to five 
magnitudes, pres umably caused by a ther mal instability in 
its accretion disc (|Tsugawa fc Osaki|[l997l ). 

V803 Cen was disc overed as a strongly variable 

and very blue source by lElviusI (Il975l ). in a photomet- 
ric survey of the region ar o und the galaxy NGC 5128. 
lO'Donoghue. Menzies fclliiil |l983) obtained high-speed 
photometry which showed the source to be a rapid variable, 
exhibiting variations on a ~1611-second period. They noted 
the similarities with another recently discovered rapid vari- 
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able, CR Boo, and classified it as an interacting binary white 
dwarf; the 1611-second per iod was recovered several times 
in follow-up photometr y (jO'Donoghue fc Kilkenny! 1 19891 : 
lO'Donoghue et al.l Il990l). An extensive monitoring cam- 
paign by Patterson et alj l|2000l ) uncovered a 1618-second 
signal whenever V803 Cen was in a state of high brightness, 
while recovering the 1611-second var iations in low and inter - 
mediate brightness states. Although [Patterson et ahl (|2000l ) 
initially interpreted these results in terms of a slowly dy- 
ing superhump that persists into the low state, the sug- 
gestion that 1611 s is in fact the orbital period appeared 
shortly thereafter (jPattersonl 1200 if ) . This allowed for an es- 
timate of the mass ratio q = M2 /Mi of the binary based on 
the observed relation between the superhump period excess, 
e = (Psh — for b) /forbi and the ma ss ratio in Cataclysmic 
Variables (e.g. [Patterson et aljlioosh . 

V803 Cen's tiny superhump period excess then implies 
an extremely small mass ra t io q « 0.016. As noted by 
iDelove. Bildsten fc Nelemand l|2005h , the minimum mass for 
the donor star, which corresponds to the mass of a cold, 
fully degenerate white dwarf that fills its Roche lobe in 
V803 Cen's orbit, implies that the accretor must be mas- 
sive: Mi,v803 Con > 1.3 M0. Conversely, the Chandrasekhar 
limit to the mass of the accretor then indicates that the 
donor in V803 Cen has to be nearly fully degenerate, which 
would suggest that V803 Cen was formed from a double- 
degenerate rather tha n from a single-degenerate binary (see 
iNelemans et al.ll2001^ ■ 

In ord er to explain the lar ge observed luminosity of 
V803 Cen l|Roelofs et all l2006d ') . while requiring that the 
donor star be fully degenerate, one would require an accre- 
tor mass even closer to the Chandrasekhar limit in order to 
extract a sufficient amount of energy per unit mass of ac- 
creted material: Mi^vsosCen ~ I.43M0, if one assumes the 
mass transfer rate to be set by the system's gravitational- 
wave losses. Given these spectacular implications, a more 
secure identification of the orbital period of the binary is 
desirable. In this paper we search for a spectroscopic signal 
of V803 Cen's orbital period in observations made with the 
Very Large Telescope (VLT), Chile. 

The second object discussed in this paper, HP Lib, was 
discovered more recently in the Edinburgh-Cape survey for 
blue objects and recognised immediately as a twin of the 
prototype star AM CVn. It exhibits 1119-second brightness 
variations, but no large outbursts like the ones o bserved in 
V803 Cen and CR Boo l|0'Donoghue et al.lll994 ). 



2 OBSERVATIONS AND DATA REDUCTION 

We obtained phase-resolved spectroscopy of V803 Cen on 1 
and 2 March 2005 with the Very Large Telescope (VLT) and 
the FOcal Reducer/low dispersion Spectrograph (FORS2). 
The observations consist of 50 spectra taken with the 1400V 
grism, covermg 4625-5930 A, followed by 250 spectra with 
the 1200R grism, covering 5870-7360 A, all with a 30-second 
exposure time. Weather conditions were good, with a median 
seeing around 0.6", giving an effective resolution of about 
1.8 A or 80 km/s at 6678 A. 

All spectra were taken with a 1" slit. The detector was 
the standard MIT mosaic consisting of two CCDs of 2kx4k, 
15/^m pixels, binned by a factor of two. The dispersion so- 
lution was obtained from a set of 42 night sky lines for 
the 1200R grism, and from standard HeNeAr arc exposures 
for the 1400V grism, resulting in ~0.lA root-mean-square 
residuals. In order to take full advantage of the good see- 
ing, we corrected the 1200R spectra for the possible drifting 
of the star within the slit and the consequent drift in the 
dispersion solution (to zeroth order) using the sharp atmo- 
spheric absorption edge at 6868 A. All spectra were trans- 
formed to the heliocentric rest-frame prior to analysis; in as 
far as possible we have verified that the position and time 
stamps on the data were correct. The average spectrum was 
corrected for instrumental response using spectrophotomet- 
ric standard star EG274. 

In addition to the phase-resolved spectra, we obtained 
spectra of long exposures with the New Technology Tele- 
scope (NTT) and the ESQ Multi-Mode Instrument (EMMI) 
on 9 and 10 March 2004. We used grating #6 and a 1" slit to 
obtain an effective resolution of 0.7 A FWHM over the range 
4330-5050 A. The detector was the MIT mosaic, consisting 
of two CCDs of 2kx4k, 0.15/im pixels, binned by a factor of 
two. 

The same NTT set-up was used to obtain phase- 
resolved spectra of our second target, HP Lib, on five consec- 
utive nights starting March 6, 2004. The exposure times were 
45-55 seconds and the weather conditions were again good, 
with a typical seeing of 1.0" on the first night, dropping to 
0.7" on the subsequent nights. The wavelength calibration 
was done with HeAr arc exposures, in which a total of about 
28 arc lines were fitted with a fourth-order Legendre polyno- 
mial, leaving 0.02 A residuals. All spectra were again trans- 
formed to the heliocentric rest-frame. The average spectra 
were flux-calibrated with the standard star HD49798. 

A summary of our observations is given in table [1] 



IPatterson eFaP \200± again conducted an extensive 
campaign of time-series photometry and discovered, in addi- 
tion to the main 1119-second variations, an extremely low- 
amplitude modulation on 1102.70 ± 0.05 seconds. This was 
readily interpreted as the likely orbital period of the binary, 
while the resulting constraints on the masses of the com- 
pone nts, inferred from the (larger) superhump period ex- 
cess (jDelove. Bildsten fc Nele mans 2005), are not nearly as 
stringent as those derived for V803 Cen. We here analyse 
fast spectroscopy taken with the New Technology Telescope 
(NTT) in order to, again, search for a spectroscopic signal 
of the orbital period of the binary. 



3 RESULTS 

3.1 Average and phase-binned spectra 

We caught V803 Cen in a high state on the VLT, where 
we measured an avera ge magnitude of about V = 13.0 from 
our spectroscopy (see [Patterson et al.l (|2000l ) for a descrip- 
tion of V803 Cen's different brightness states). Its average 
spectrum shows mainly neutral helium lines in absorption 
(see figure [l|, but in a trailed spectrum we find weak addi- 
tional lines of Si 11 6346 and S i 11 6372, also seen in other AM 
CVn stars l|Groot et al.ll200ll : [Roelofs et aLlbOOSl ). and two 
features which coincide with Nil 5679 and Nil 6482. There 
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Table 1. Summary of our observations of V803 Cen and HP Lib. The set-up indicates the telescope, the instrument and the grism or 
grating. 
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Figure 2. Average blue spectra of V803 Cen observed with the 
NTT. 
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Figure 3. Average blue spectrum of HP Lib observed with the 
NTT. 



of apparent broad absorption of the same line). See figure 
O All in all, the average spectra of HP Lib and of V803 
Cen in the high stat e are very similar to that of AM CVn 
l|Roelofs et al.ll2006bl ). 



is no evidence for any hydrogen in the spectrum of V803 
Cen. 

On the NTT, V803 Cen was observed to be in a low 
state, close to V = 17.2, on March 9, 2004. The average 
spectrum shows double-peaked emission lines, characteristic 
of an accretion disc. The strongest lines are due to neu- 
tral helium, but Hell 4686 is also clearly present and there 
appears to be a group of lines at 4521 A, 4549 A, 4583 A 
and 4629 A that may represent iron (see figure [2}. The next 
night, on March 10, the star had increased in brightness by 
about three magnitudes, to V = 14, and changed from an 
emission-line to an absorption-line spectrum, as also shown 
in figure [21 

HP Lib has an absorption-line spectrum similar to that 
of V803 Cen in the high state, showing mainly neutral he- 
lium lines as well as weak emission of Hell 4686 (on top 



3.2 Doppler tomography 

Doppler tomography (|Marsh fc Hornel Il988l ) is a power- 
ful technique for measuring the orbital period of inter- 
acting binaries: especially the ones that show no pe- 
riodicity in broad-band photometry, and the ones that 
show a broad-band signal domina ted by superhumps (e.g. 
iNelemans. Steeghs fc GrootI 1200 ll ). Assuming only that 
there is an emission region that stands out and is stationary 
in the binary frame, usually in the form of a 'bright spot' 
caused by the accretion stream-accretion disc impact point, 
one can track the orbital phase of the binary by tracking the 
phase of the emission region. In a Doppler map, the phase 
of the feature (i.e. the angle subtended by the feature's Kx 
and Ky velocities in polar coordinates, with arbitrary zero- 
point) will remain the same for a series of data-sets taken 
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Figure 1. Average visual and red spectrum of V803 Cen observed witli tiie VLT, witli labels attached to the strongest features. The 
spectrum of the second night has been scaled up by ^^5% to match the intensity of the first night's spectrum. 



at different times, if and only if one phase-folds the data- 
sets on the true orbital period of the binary. If the phase- 
folding period is slightly off from the true orbital period, 
the feature will still show up in individual Doppler maps 
made from data-sets with a sufficiently short timebase, but 
slightly smeared out and its phase in the maps will be seen 
to drift slowly over time. 

Here we apply this technique to V803 Cen and HP Lib. 
When we phase-fold the spectra of V803 Cen from the first 
or second night on the 1611-second period suggested from 
photometry, there is a persistent spot-like emission region 
in the Doppler tomogram. See figure [6] If this represents a 
real, stationary feature in the binary, it would suggest that 
1611 s is close to the real orbital period of the binary - if it 
were far off, the feature would be (too) smeared out when 
phase-folded in a Doppler tomogram. 

However, the phase of this feature is seen to drift by 
about 180 degrees between the two nights of our observa- 
tions, indicating that 1611 seconds is not exactly the orbital 
period if the feature is fixed in the binary frame (see figure 
II. 

We now assume for a moment that the emission spot 
seen on each of the nights is the same feature and is station- 
ary in the binary frame over this period of time; we shall 
refer to it as the 'bright spot'. We can easily keep track of 
the bright spot's phase over the four-hour observing base- 
line that we have on the second night of our observations, 
starting from the approximate orbital period suggested from 
photometry, and then extrapolating to the first night with- 
out losing count of the orbital cycles. We then adjust the 
folding period so as to align the bright spot in the Doppler 
maps of both nights. This yields a spectroscopic period of 



1596.4 seconds, which is also the orbital period if we assume 
that the bright spot is fixed in the binary frame. 

We next perform a simple Monte Carl o simulation, 
usingthe b ootstrap method as d escribed in iRoelofs et al.l 
(i2006al ') and lRoelofs et all (j2006bl ). in order to estabhsh the 
bright spot phase resolution given by our data (at the same 
time, it allows us to verify that the bright spot we see is in 
fact a real feature rather than a coincidence of noise). We 
make a large ensemble of randomised Doppler tomograms 
from the data that we have on each night, and determine 
the scatter in the measured bright spot phase. We conclude 
that we can measure the relative bright spot phase on night 
1 and night 2 to an accuracy of 5 degrees, not taking into 
account any intrinsic drift in the bright spot phase. If we as- 
sume that the bright spot corresponds to the conventional 
accretion stream-accretion disc impact point, and we allow 
the effective accretion disc radius to change by Q.IRli be- 
tween the two nights (where Rl^ is the distance from the 
centre of the accreting star to the inner Lagrange point), this 
adds a possible intrinsic drift of the bright spot phase in the 
binary frame of ~10 degrees. The total error in the phasing 
of the bright spots is thus no more than 15 degrees. This 
leads to a spectroscopic period PvsosCon = 1596.4 ± 1.2 s. 
Figure [6] shows the linear back-projection Doppler tomo- 
grams that we get when we phase-fold the data of each night 
on that period. From our Monte Carlo sample, the bright 
spot velocity semi- amplitude in V803 Cen is measured to be 
-K'vsoscon = 170 ± 15 km/s. 

Figure [5] shows V803 Cen's spectrogram that we obtain 
when we fold the data on the period obtained above. For this 
spectrogram we used the two hours of spectroscopy that we 
have on the first night, and combined it with the first and 
fourth hour of data from the second night in order to obtain 
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Figure 4. Chi-square values of sinusoid fits to normalised red 
wing/blue wing flux ratios of the helium lines in V803 Cen. The 
two vertical lines in the close-up indicate the 1618-second (left) 
and 1611-second periods known from photometry. 



a data-subset that is more or less evenly distributed in time. 
Apart from an 'S-wave' that coincides in phase and ampli- 
tude with the bright spot seen in the Doppler tomograms of 
figure [6l there is significant variability in the spectral lines 
on a period roughly three times shorter than the S-wave pe- 
riod. In addition, the pattern of this variability appears to 
shift with time relative to the S-wave. We therefore specu- 
late that it may be related to the superhump phenomenon. 
By using a data-subset that is somewhat evenly distributed 
in time, as described above, we find that we can minimise 
the amplitude of this rapid variability and maximise the 
visibility of the S-wave. Based on the observed changes in 
the pattern we speculate that it may disappear almost com- 
pletely if one were to observe V803 Cen for a long time and 
phase-fold all the spectra (for instance if one were to fully 
sample the beat period between the orbital and superhump 
periods); this can however not be verified with our current 
data-set. 

As a further check on V803 Cen's spectroscopic period, 
we compute a periodogram of the flux ratios of the red and 
blue w ings of the spectral lines , as des cribed in lRoelofs et al.l 
l|2005l ') following iNather et all (llOSll l. We let the wings of 
the lines extend to ±500 km/s based on the trailed spec- 
trum of figure O for each spectrum we add up the fiuxes in 
the red wings and in the blue wings of all the helium lines. 
We normalise the red/blue flux ratios such that the average 
ratios for the spectra taken with the different grisms and 
on different nights are the same; this removes the potential 
variability on timescales of a few hours and longer, but also 
weeds out the systematic differences between spectra taken 
with different set-ups and on different nights. Note that this 
also removes the influence of intrinsic, long-period skew- 
ness variation s in the spectral lines, which h ave been seen 
in V803 Cen (|0'Donoghue fc Kilkenn^ll989l ) as weU as in 
other AM CVn stars to occur on the beat period between th e 
orbital and superhump periods (see [Patterson et al.lll99^ . 
We model the flux ratios as a function of time with a con- 
stant plus a sinusoid, and compute chi-square values for the 
best-fitting model at each trial frequency. The resulting peri- 
odogram is shown in figure [4] Although, unsurprisingly, the 
data are poorly fitted with a constant plus a single sinusoid. 



shown by the large minimum reduced chi-square value of 6.7, 
the best-fitting sinusoidal period is P = 1597.6 s, in perfect 
agreement with the period derived from the Doppler tomo- 
grams. The nearest aliases occur at P = 1626.3 s (Ax^ = 63) 
and P = 1569.8 s (Ax^ = 81). 

The large Ax^ values indicate that the best-fitting pe- 
riod fits significantly better than the next-best periods. In 
principle, however, these values can be infiated by underes- 
timated errors on the data points. If we assume for a mo- 
ment that our simple model should describe the data per- 
fectly, and we renormalise the errors on the data points so 
as to yield a best-fitting reduced chi-square of 1, the near- 
est alias would have Ax^ = 9.5. The best-fitting period of 
P = 1597.6 s would then still be preferred over the next-best 
period at the 95% confidence level (for a chi-square distri- 
bution with four degrees of freedom; see lAvnilll976l ). This 
is the worst-case scenario; Ax^ for the next-best period is 
most likely much closer to the measured value of 63 since 
the estimates of our errors (which are shot-noise dominated 
and should be fairly well-behaved) are probably not that far 
off. 

Lastly, we do a slightly more advanced fit of sinusoids 
in which we allow second and third harmonics of the test 
frequencies, with their amplitudes as additional free param- 
eters, to try to include the strong harmonics seen in the 
periodogram of figure [4] in the fit. We recover the same 
best-fitting periods as before, to better than half a second, 
while the reduced chi-square of the best fit improves from 
6.7 to 4.3. The strongest second and third harmonics stay 
at P = 1602/2 and 1616/2 and P = 1606/3 seconds, sugges- 
tive of a superhump origin if one assumes the base period 
of P = 1597.6 s to be orbital. The Ax'^ between the best- 
fitting and second-best-fitting frequencies improves consid- 
erably, from Ax^ = 63 to Ax^ = 537. 

We conclude that our periodograms of sirmsoid fits sup- 
port the period derived from the bright spot phasing in the 
Doppler tomograms, although we take note of the fact that 
the baseline of our observations is relatively short (only 28 
hours; see table [T|, so that it will be difficult to claim the 
same frequency resolution in our periodograms as we have 
from the bright spot phasing method. 

The spectrogram of HP Lib, when fol ded on the sug- 
geste d orbital period of PHPLib = 1102.7 s l|Patterson et al.l 
|2 00j)i looks remark ably similar to that of AM CVn 
(|Roelofs et al.ll2006bl ): it shows relatively simple 'S- waves' 
in the He I 4387, He I 4471 and He I 4921 lines, as well as 
in the Mgll 4481 fine. Like in AM CVn and other inter- 
acting binaries, the strength of the S-wave is seen to vary 
strongly with phase, which can be explained by a varying 
visibility of the accretion stream-accretion disc impact re- 
gion as is expected to occur quite naturally in an inclined 
system. No S-waves or other structure are seen when we 
fold the data on the suggested 1119-second superhump pe- 
riod; also in this respect HP Lib is identical to AM CVn 
(|Nelemans. Steeghs fc Grootll200ll ). We thus conclude that 
our spectroscopy supports a 1102.7-second orbital period for 
HP Lib. 

We again perform a Monte Carlo test to determine our 
bright spot phase resolution and the associated error on the 
orbital period that we determine. To this end we make boot- 
strapped Doppler tomograms from the spectra of night 1 and 
2, and from the spectra of night 4 and 5. The baseline be- 
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Figure 5. Trailed spectrum of tlie He I 4921, He I 5875, He I 6678 
and He I 7065 lines in V803 Cen, with the average spectrum sub- 
tracted and folded on PysosCon = 1596.4 s. The grey-scale indi- 
cates the flux levels relative to the mean spectrum; brighter pixels 
contain more flux. 



tween these two data-subsets is 3 nights, and the relative 
bright spot phase resolution is measured to be about 10 de- 
grees. Allowing again for a 10-degree intrinsic shift in the 
bright spot due to changes in the effective accretion disc ra- 
dius, this gives a combined bright spot phase resolution of 
about 15 degrees, or a resolution in orbital period of 0.2 sec- 
onds. Best alignment of the bright spots in the data-subsets 
is achieved for a folding period of 1102.8 seconds. Our best 
measurement for the period is thus Php Lib = 1102.8 ± 0.2 s. 

Since the S-wave features are rather weak, we show 
a combined spectrogram and Doppler tomogram of the 
four aforementioned spectral lines in figure [T] The veloc- 
ity semi-amplitude of the bright spot and its uncertainty, 
again determined from our bootstrap tests, come out at 
if HP Lib = 360 ±20 km/s. 



4 DISCUSSION & CONCLUSIONS 

4.1 The orbital periods of HP Lib and V803 Cen 

If we make the (crucial) assumption that the emission fea- 
tures we have identified in phase-resolved spectroscopy of 
HP Lib and V803 Cen are (almost) stationary in the bi- 
nary frame, as is the case if they correspond to the 'S- 
waves' or 'bright spots' commonly associated with the im- 
pact of the accretion stream into the disc, we can iden- 
tify our determined spectroscopic periods with the true or- 
bital periods of these binaries. The orbital periods of HP 
Lib and V803 Cen then are Php Lib = 1102.8 ± 0.2 s and 
Pv803Con = 1596.4 ± 1.2 s. 

Our orbital period of HP Lib agrees perfectly with the 
value 1102.70±0.05 s found in t he literature, which is d erived 
from broad-band photometry (|Patterson et al.l |2002| '1. Our 
orbital period of V803 Cen on the other hand is significantly 
shorter than the literature value of 1611 ± 1 s, which is again 




Figure 6. Linear back-projection Doppler tomogram correspond- 
ing to the trailed spectrum shown in figure (5] only now split into 
night 1 (left) and night 2 (right) to show the alignment of the 
bright spot. As a comparison, the lower right panel shows the 
shift of the bright spot between the first and second night, if we 
fold the data on P = 1611 s. 



deriv ed from photometry JPattersonl l200ll : [Patterson et al.l 
l2002l : but see [Patterson et aLlbOOoT for its initial interpreta- 
tion as a possible superhump). It is quite conceivable that 
the low inclination of V803 Cen fO'Dono ghue fc Kilkenny! 
|1989; Nasser, Solh eim fc Semionoff 2001) causes the photo- 
metric modulation on the orbital period to be so small, that 
even in extensive data-sets only superhumps are observed. 
We note that the velocity semi-amplitude of the bright spot 
in our Doppler tomograms, -ft'vgosccn = 170 ± 15 km/s, 
agrees with a binary of low inclination if we assume that 
it corresponds to the classical bright spot caused by the 
accretion stre am-accretion disc impact (i ^ 15°, see also 
iRoelofs et al| [2006c') . 

An interesting question would be whether our spectro- 
scopic period of 1596.4 seconds for V803 Cen may corre- 
spond to a negative superhump, so that 1611 seconds can 
still be its orbital period and 1618 seconds the 'normal' (pos- 
itive) superhump. Although technically possible, we consider 
this unlikely. The spectroscopic S-wave behaviour observed 
in V803 Cen is seen in many interacting binaries and has, as 
far as we know, always been associated with the accretion 
stream-accretion disc impact, rather than with a negative 
superhump or another feature not rotating on the orbital 
period. In addition, negative superhumps have not been de- 
tected in photometric studies of V803 Cen, which further 
weakens their case even though it does not rule out their 
existence. 

We thus believe that the 1611-second period, observed 
in the intermediate and low brightness states of V803 Cen, 
is pro bably a superhump, as concluded in the original pa- 
per by lPatterson et all l|2000l ). The same goes for the 1618- 
second period observed during V803 Cen's high brightness 
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Figure 7. Average-subtracted trailed spectrum (top) and corre- 
sponding linear back-projection Doppler tomogram of the com- 
bined lines Hei 4387, Hei 4471, Mgii 4481 and Hei 4921 in HP 
Lib, folded on PnPLib = 1102.8 s. The grey-scale indicates the 
relative flux levels. 



state l|Patterson et al.ll200Cf ). Our spectroscopic S-wave pe- 
riod of Pv803Cen = 1596.4 ± 1.2 s is most likely the underly- 
ing orbital period of the binary. It is unclear how exactly the 
1611-second period has entered the literature as the orbital 
period of V80 3 Cen. As f ar as we k now, it first appeared i n 
data tables in iPattersoiil (|200ll ') and [Patterson et all (|2002l ). 
but we were unable to find a publication in which the actual 
detection of an orbital signal (at 1611 seconds or any other 
period) is claimed. 



4.2 The superhump period excess and mass ratio 

It is well known empirically, as well as from numerical mod- 
elling, that there is a correlation between the superhump pe- 
riod excess e and the mass ratio q in Ca t aclysmic Variables 
JPatterson et all l2005l: iHirose fc Osakil Il990l : IWhitehurstI 
1 19881 : Whitehurst fc King||l99ll ). Usingour spectroscopic pe- 



riod of V803 Cen, fVsosCon = 1596.4 ± 1.2 s, as the or- 
bital period, and combinin g with the superhump period 
of 1611-1618 s measured by IP atterson et all (j200of ). we ar- 
rive at a superhump period 6XCGSS £V803 Cen = 0.009-0.014, 
comp arable to the value enpLib ~ 0.015 (|Patterson et al.l 
I2OO2I ). Combined with the most recent empirical relation be- 
tween the superhump period excess and th e mass ratio for 
the hydrogen-rich Cataclysmic Variables (|Patterson et al.l 
2005), this would imply a mass ratio gvsoacen = 0.05-0.07. 
This is already much larger th an the value qrysoa Cen = 0.016 
found in the literature (e.g. iDelove. Bildsten &: NelemansI 
2005). 

If we further allow for a different scaling between the 
superhump period excess and the mass ratio, as measured 
for AM CVn itself l|Roelofs et al.ll2006bl ). we obtain an even 
larger mass ratio qvsos Cen = 0.08-0.11. One could, of course, 
question the use of such e(q) relations to derive mass ratios 
all too easily. The point remains, however, that there is little 
reason to assume that the mass ratio of V803 Cen is as 
extreme as previously thought, based on the orbital period 
that we propose here for V803 Cen. 



4.3 Constraints on the component masses 

iDelove. Bildsten fc NelemansI (|2005| ) derive very stringent 
limits on the masses of the stars in V803 Cen based on 
the small mass ratio qvsoaccn = 0.016. Basically, the min- 
imum donor star mass is set by the mass of a cold, fully 
degenerate, Roche-lobe filling star, which works out to be 
^^2,miii = 0.021 Mq for a helium donor in an orbit of 
about 1600 seconds. This then implies a massive accretor 
of minimum mass Mi^min = 1.3 Mq. Conversely, the Chan- 
drasekhar limit on the accretor mass implies a maximum 
donor star mass M2,max = 0.023 M©; in other words, there 
is only a very narrow range o f allowed masses for the donor 
star. F rom this it is inferred bv lDelove. Bildsten fc NelemansI 
l|2005l ) that the donor star must be a cold, nearly perfectly 
degenerate white dwarf. 

The mass ratio derived from our proposed orbital pe- 
riod and the associated superhump period excess relaxes 
these constraints almost completely, to Mi,min = 0.3 Mq, 
Af2,max = 0.10 Mq for a mass ratio q = 0.07. It would thus 
seem reasonable to assume that the donor star can be much 
heavier than a zero-temperature white dwarf. The large ob- 
served bolometric luminosity of V803 Cen can then rela- 
tively easily be explained by a hot, semi-degenerate donor 
star donating matter to a much l ess extreme accreting white 
dwarf of mass A/i < 1.0 Mq 



ich l ess extreme accreting a 
(see lRoelofs et al.ll20063 ). 
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